The Fusarium incarnatum-equiseti species complex (FIESC) is a phylogenetically species-rich complex that includes over 30 cryptic phylogenetic species, making identification based on phenotypic characters problematic. Several established Fusarium species known to reside in the FIESC lack type material, further complicating the use of Latin binomials for this complex. To overcome this problem, an informal classification system based on a haplotype nomenclature was introduced to improve communication between researchers in various fields. However, some conflicts in the application of this nomenclature system have arisen. To date, 16 phylo-species in the FIESC have been provided with Latin binomials with approximately 18 FIESC phylo-species still lacking Latin binomials, the majority of which reside in the Incarnatum clade. The aim of this study is to introduce Latin binomials for the unnamed FIESC phylo-species based on phylogenetic inference supported by phenotypic characters. The three-gene (calmodulin, RNA polymerase II second largest subunit and translations elongation factor 1-alpha) phylogenetic inference resolved 47 lineages, of which 44 belonged to the FIESC. The F. camptoceras species complex (FCAMSC) is introduced here for three lineages that are distinct from the FIESC. Epitypes are designated for F. compactum, F. incarnatum and F. scirpi, and a neotype for F. camptoceras. Latin binomials are provided for 20 of these newly resolved phylo-species in the FIESC.
INTRODUCTION
The Fusarium incarnatum-equiseti species complex (FIESC) is a phylogenetically species-rich complex that includes over 30 recognised phylogenetic species (phylo-species) , 2010 , Santos et al. 2019 . The majority of these phylo-species are considered cryptic, making identification based solely on phenotypic characters problematic . Additionally, several established Fusarium species known to reside in the FIESC lack type material, further complicating the use of Latin binomials for this complex. Therefore, O'Donnell et al. (2009) implemented an informal classification system for FIESC based on the haplotype nomenclature system first introduced by Chang et al. (2006) for clinically important Neocosmospora species (formerly the F. solani (FSSC) species complex) lacking Latin binomials, depicting the species complex, species and genotype. This haplotype classification system was designed to improve communication between clinicians, veterinarians and agricultural researchers. However, some conflicts in the application of this nomenclature system have arisen in recent studies. O'Donnell et al. (2009) recognised and classified 28 phylospecies (FIESC 1-28) which were shortly followed by FIESC 29 & 30 (O'Donnell et al. 2012) . Villani et al. (2016) introduced FIESC 31 for a clade that included mycotoxin producing equiseti-like strains isolated from cereals. Torbati et al. (2019) also introduced FIESC 29 & 30 for incarnatum-like strains isolated from Basidiomycetes, which Wang et al. (2019) designated as FIESC 32. Similarly, Maryani et al. (2019) resolved six additional phylo-species and designated these as FIESC 29 -34, providing Latin binomials for three of these: F. kotabaruense (FIESC 31) , F. sulawesiensis (as F. sulawense; FIESC 32) and F. tanahbumbuense (FIESC 34) . Wang et al. (2019) resolved 33 phylo-species and introduced Latin binomials for nine: F. arcuatisporum (FIESC 7), F. citri (FIESC 29) , F. guilinense (FIESC 21) , F. hainanense (FIESC 26) , F. humuli (FIESC 33) , F. ipomoeae (FIESC 1), F. irregulare (FIESC 15) , F. luffae (FIESC 18) and F. nanum (FIESC 25) . Santos et al. (2019) also resolved 30 phylo-species (FIESC 1-30) in their study on insect associated FIESC strains and were able to induce the sexual morphs of both FIESC 17 and FIESC 20, which they named F. pernambucanum and F. caatingaense, respectively. In addition to the 13 phylo-species recently named, only three other phylo-species in the FIESC have been linked to Latin binomials: F. equiseti (FIESC 14) , F. lacertarum (FIESC 4) and F. scirpi (FIESC 9) . Therefore, approximately 18 FIESC phylo-species currently recognised still lack Latin binomials, with the majority residing in the Incarnatum clade. Thus, the aim of this study was to introduce an epitype for F. incarnatum, and provide Latin binomials for unnamed FIESC phylo-species based on a number of FIESC strains accessioned in the Westerdijk Fungal Biodiversity Institute (WI) culture collection.
MATERIALS AND METHODS

Isolates
Fusarium isolates (Table 1) , initially identified and treated as members of the FIESC, were obtained from the culture collection Table 1 Details of Fusarium strains included in the phylogenetic analyses.
F. croceum 
DNA isolation, PCR and sequencing
Total genomic DNA was extracted from 7-d-old isolates grown at 24 °C on potato dextrose agar (PDA; recipe in Crous et al. 2019) using the Wizard® Genomic DNA purification Kit (Promega Corporation, Madison, WI, USA), according to the manufacturer's instructions. Partial gene sequences were determined for the calmodulin (cmdA), RNA polymerase second largest subunit (rpb2) and translation elongation factor 1-alpha (tef1), using PCR protocols and primer pairs described elsewhere (O'Donnell et al. 1998 , 2010 . Integrity of the sequences was ensured by sequencing the amplicons in both directions using the same primer pairs as were used for amplification. Consensus sequences for each locus were assembled in Geneious R11 (Kearse et al. 2012 ). All sequences generated in this study were deposited in GenBank (Table 1) .
Phylogenetic analyses
Sequences of relevant FIESC strains representing the various phylo-species were retrieved from NCBI's GenBank (Table 1) and alignments of the individual loci were determined using MAFFT v. 7.110 (Katoh et al. 2017 ) and manually corrected where necessary. Three independent phylogenetic algorithms, Maximum Parsimony (MP), Maximum Likelihood (ML) and Bayesian Inference (BI), were employed for phylogenetic analyses. Phylogenetic analyses were conducted of the individual loci and then as a multilocus sequence dataset that included partial sequences of the three genes determined here.
For BI and ML, the best evolutionary models for each locus were determined using MrModeltest (Nylander 2004 ) and incorporated into the analyses. MrBayes v. 3.2.1 (Ronquist & Huelsenbeck 2003) was used for BI to generate phylogenetic trees under optimal criteria for each locus. A Markov Chain Monte Carlo (MCMC) algorithm of four chains was initiated in parallel from a random tree topology with the heating parameter set at 0.3. The MCMC analysis lasted until the average standard deviation of split frequencies was below 0.01 with trees saved every 1 000 generations. The first 25 % of saved trees were discarded as the 'burn-in' phase and posterior probabilities (PP) were determined from the remaining trees.
The ML analyses were performed using RAxML-NG v. 0.6.0 (Kozlov et al. 2018 ) to obtain another measure of branch support. The robustness of the analysis was evaluated by bootstrap support (BS) with the number of bootstrap replicates automatically determined by the software. For MP, analyses were done using PAUP (Phylogenetic Analysis Using Parsimony, v. 4.0b10; Swofford 2003) with phylogenetic relationships estimated by heuristic searches with 1 000 random addition sequences. Tree-bisection-reconnection was used, with branch swapping option set on 'best trees' only. All characters were weighted equally and alignment gaps treated as fifth state. Measures calculated for parsimony included tree length (TL), consistency index (CI), retention index (RI) and rescaled consistence index (RC). Bootstrap (BS) analyses (Hillis & Bull 1993) were based on 1 000 replications. Alignments and phylogenetic trees derived from this study were uploaded to TreeBASE (S24736; www.treebase.org).
Morphological characterisation
All isolates were characterised following the protocols described by Leslie & Summerell (2006) 
RESULTS
Phylogenetic analyses
Approximately 500-650 bases were determined for cmdA and tef1, and 1 000 bases for rpb2. For the BI and ML analyses, a K80 model for cmdA, an HKY+G+I model for rpb2 and an HKY+G for tef1 were selected and incorporated into the analyses. The ML tree topology confirmed the tree topologies obtained from the BI and MP analyses, and therefore, only the ML tree is presented.
The combined three loci sequence dataset included 180 ingroup taxa with F. concolor (NRRL 13459) as outgroup taxon. The dataset consisted of 2 039 characters including gaps. Of these characters, 1 249 were constant, 252 parsimony-uninformative and 538 parsimony-informative. The BI lasted for 60.968M generations, and the consensus tree and posterior probabilities (PP) were calculated from 46 278 trees left after 15 242 were discarded as the 'burn-in' phase. The MP analysis yielded 1 000 trees (TL = 1 919; CI = 0.566; RI = 0.910; RC = 0.515) and a single best ML tree with -InL = -12431.078914 (Fig. 1 ).
In the phylogenetic tree (Fig. 1) , the ingroup taxa resolved into three main clades. The first main clade (indicated as FCAMSC) is fully supported (ML & MP-BS = 100 %; PP = 1.0) and included four strains representing three lineages. Two of these represent unique single strain lineages, one of which is the ex-type of F. kotabaruense (InaCC F 963; Maryani et al. 2019) , and the other F. camptoceras (CBS 193.65; 
(FIESC 31)
(FIESC 30) Fusarium sp.
(FIESC 8) FIESC 32 of Maryani et al. (2019) . Of these, four lineages represent new phylo-species not resolved in previous studies. The phylogenetic relationships between the 44 resolved lineages are further discussed in the notes of the Taxonomy section.
TAXONOMY
In this section, Latin binomials are provided for the majority of phylo-species resolved in this study. For six phylo-species (FIESC 8, 22, 27, 30, 31 and 32; Fig. 1) . Sporodochia saffron to pale brown, formed abundantly on surface of medium. Sporodochial coni diophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 8 -15 × 2 -4 μm, smooth, thin-walled, with inconspicuous periclinal thickening; sporodochial conidia falcate, slightly curved dorsiventrally to almost straight, tapering towards both ends, with a conical, straight to slightly curved apical cell and a blunt to foot-like basal cell, (1-)3-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 22 -26 × 2.5 -3.5 μm (av. 24 × 3 μm, n = 8); 2-septate conidia: 21-28 × 3 -4 μm (av. 25 × 3 μm, n = 5); 3-septate conidia: (25 -)29 -35(-39) × 3 -4 μm (av. 32 × 4 μm). Chlamydospores not observed. Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 7-9 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface white, floccose, radiate, with abundant aerial mycelium, margin irregular, lobate, serrate or filiform. Odour absent. Reverse pale yellow to yellow with yellow diffusible pigments visible in the medium. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface white, floccose, radiate, with abundant aerial mycelium, margin irregular, lobate, serrate or filiform. Reverse straw to pale luteous, without diffusible pigments. On SNA with sparse aerial mycelium, sporulation abundant on the surface of the medium. Notes -Fusarium aberrans represents a well-supported novel lineage (ML-BS = 91 %, MP-BS = 90 %, PP = 1.0) in the Incarnatum clade, closely related to F. hainanensis, F. nanum and F. persicinum. This species readily produces sporodochia in culture distinguishing it from F. hainanense, F. nanum and F. persicinum. Furthermore, F. nanum produces obovoid aerial conidia in culture , not seen in F. aberrans. All isolates included in this clade appear to be associated with cereals in the Southern Hemisphere. 
Descriptions & Illustrations -Wang et al. (2019).
Notes -Fusarium arcuatisporum represents phylo-species FIESC 7 in the Equiseti clade ), resolved as a single strain lineage closely related to F. brevicaudatum (FIESC 6) and F. longicaudatum. Aerial conidiophores and aerial conidia are absent in these three species . Wang et al. (2019) only reported 5-septate sporodochial conidia (i.e., macroconidia) produced by F. arcuatisporum, whereas those of F. brevicaudatum and F. longicaudatum are 1-5-septate and (3 -)5 -6(-7)-septate, respectively. Additionally, the 5-septate sporodochial conidia of F. arcuatisporum (29 -49.5 × 4 -6 μm; Wang et al. 2019) are significantly smaller than those of F. brevicaudatum ((31-)43 -59(-64) × 4 -5 μm) and F. longicaudatum ((48 -)62 -76(-82) × 4-5 μm). Etymology. Name refers to the short tail-like apical cells of the sporodochial conidia produced by this fungus.
Typus. USA, Florida, from Trichechus sp. (manatee), date and collector unknown (holotype CBS H-24051 designated here, culture ex-type NRRL 43638 = UTHSC R-3500).
Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia salmon to saffron, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 9 -12 × 2 -4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with a short to slightly elongated or whip-like straight to curved apical cell and a barely notched to prominently extended basal cell, 1-5-septate, hyaline, thin-and smooth-walled;1-septate conidia: (8 -)12 -16(-21) × 3 -4 μm (av. 14 × 4 μm); 2-septate conidia: (12 -)13 -19(-21) × 3 -4 μm (av. 16 × 4 μm, n = 15); 3-septate conidia: This species produced characteristic 1-and 2-septate sporodochial conidia, not seen for F. arcuatisporum and F. longicaudatum, which are reminiscent of aerial conidia (i.e., microconidia), although no conidiophores or aerial conidia could be found on the aerial mycelium formed on the various media used in this study. This feature could represent an ecological adaptation as all isolates included in this study originated from clinical and veterinarian samples associated with superficial mycoses ). However, this requires further investigation. Etymology. Name refers to buff-coloured colonies formed on PDA by this fungus.
Typus. AustrAliA, unknown substrate and date, H.W. Wollenweber (holotype CBS H-24052 designated here, culture ex-type CBS 161.25 = NRRL 26857 = NRRL 26918). Conidiophores borne on aerial mycelium, 50 -90 μm tall, unbranched, sympodial or irregularly branched, bearing terminal or lateral phialides, often reduced to single phialides; phialides mono-and polyphialidic, subulate to subcylindrical, proliferating percurrently, smooth-and thin-walled, 3 -31 × 2 -4 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, rarely ellipsoidal to falcate, slender, curved dorsiventrally and more pronounced on the apical half, tapering towards both ends, with a blunt to conical and straight to slightly curved apical cell and a blunt to papillate basal cell, (1-)3 -5(-8)-septate, microcyclic conidiogenesis commonly observed; 1-septate conidia: (16 -)18 -22(-25) × 3 -5 μm (av. 20 × 4 μm, n = 16); 2-septate conidia: 22 -26(-29) × 3 -5 μm (av. 24 × 4 μm, n = 11); 3-septate conidia: (24-)32-42(-51) × 4-5 μm (av. 37 × 4 μm); 4-septate conidia: (36-)38-44(-48) × 4-6 μm (av. 41 × 5 μm); 5-septate conidia: (38-)43-53(-58) × 4-6 μm (av. 48 × 5 μm); 6-septate conidia: (47-)48-62(-71) × 4-5 μm (av. 55 × 5 μm, n = 7); 7-septate conidia: (54 -)60 -76 × 4-5 μm (av. 68 × 5 μm, n = 5); 8-septate conidia: 61-67 × 4-5 μm (n = 2). Sporodochia and chlamydospores not observed.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 6 -10 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface white to buff, floccose, radiate, with moderate aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse primrose. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale primrose, flat, membranous to dust, aerial mycelium sparse, margin irregular, filiform. Reverse pale primrose, without diffusible pigments. On SNA with sparse aerial mycelium and abundant sporulation on the surface of the medium.
Notes -Fusarium bubalinum represents a new single strain lineage resolved in the Incarnatum clade, closely related to F. incarnatum, F. monophialidicum and F. tanahbumbuense. This species can be distinguished from the latter three by the commonly observed microcyclic conidiogenesis and the formation of (1-)3 -5(-8)-septate falcate aerial conidia compared to the (1-)3-5(-7)-septate falcate aerial conidia of F. incarnatum, (1-)3 -5-septate falcate aerial conidia of F. monophialidicum and 3 -5-septate falcate aerial conidia of F. tanahbumbuense . Furthermore, F. bubalinum and F. monophialidicum did not produce any sporodochia on carnation leaves, whereas F. incarnatum and F. tanahbumbuense produce abundant sporodochia on carnation leaves. Notes - Santos et al. (2019) introduced the Latin binomial F. caatingaense to represent phylo-species FIESC 20, which formed a distinct fully supported clade (ML & MP-BS = 100 %, PP = 1.0) in this study. This species was shown to have a heterothallic mating system, producing typical gibberella-like perithecia exuding viable ascospores. This species is also characterised by the various shapes of aerial conidia (up to four) produced in culture (Santos et al. 2019) . Notes - Marasas et al. 1998 ) are slightly larger than those of F. kotabaruense ((2 -) 3 -5 (-7)-septate, 21-45 × 5 -7.5 μm overall; Maryani et al. 2019) and F. neosemitectum ((1-)2 -4(-5)-septate, 17-41 × 3 -6 μm overall). Additionally, F. camptoceras also produces ellipsoidal to obovoid aerial conidia and sporodochia (Marasas et al. 1998) , neither observed in culture for F. kotabaruense Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia brown to dark brown. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, doliiform, subulate to subcylindrical, 7-11 × 3 -5 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, sometimes become sinuate, slender, markedly curved dorsiventrally, tapering towards both ends, with a elongate or whip-like, often curved or sinuate apical cell and an elongated foot-like basal cell, 3 -6(-8)-septate, hyaline, Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 6 -9 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface pale salmon, flat, radiate, aerial mycelium sparse, margin irregular, filiform. Odour mouldy. Reverse pale straw. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale primrose, flat, membranous, aerial mycelium scant or absent, margin irregular, filiform. Reverse pale primrose, without diffusible pigments. On SNA with sparse aerial mycelium.
Fusarium caatingaense
Fusarium camptoceras
Notes -Fusarium cateniforme represents a novel single strain lineage resolved in this study. This species is characterised by the formation of abundant long chains of chlamydospores in culture. Also, characteristic is the lack of conidiophores and conidia formed on the aerial mycelium in culture, a feature shared with the phylogenetic close relatives Conidiophores borne on aerial mycelium rarely seen, 6-13 μm tall, unbranched, reduced to lateral phialidic pegs or single lateral monophialides, obpyriform to lageniform, smooth-and thinwalled, with inconspicuous periclinal thickening; aerial conidia hyaline, smooth-and thin-walled, falcate, gently dorsiventrally curved with a blunt apical cell and barely notched basal cell, 1-2(-3)-septate; 1-septate conidia: 13 -26(-31) × 3 -4 μm (av. 19 × 3 μm, n = 6); 2-septate conidia: (19 -)21-29(-30) × 3 -4 μm (av. 25 × 3 μm, n = 5); 3-septate conidia: 25 × 4 μm (n = 1). Sporodochia salmon to orange, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, sometimes proliferating percurrently, 6 -9 × 3 -5 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with elongated or whip-like curved apical cells and a barely notched to prominently extended basal cells, 3 -5(-6)-septate, hyaline, thin-and smooth-walled; 3-septate conidia: (20-)29-39(-47) × 3-4 μm (av. 34 × 4 μm); 4-septate conidia: (33-)38-46(-53) × 3-5 μm (av. 42 × 4 μm); 5-septate conidia: (38-)42-50(-56) × 4-5 μm (av. 46 × 4 μm); 6-septate conidia: 45 -50 × 4 -5 μm (n = 2). Chlamydospores abundant, globose, subglobose to oval, subhyaline, smooth-walled, terminal or intercalary, solitary, in pairs or forming chains, 4 -11 μm diam.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 7-10 mm/d and occupying an entire 90 mm Petri dish in 6 d; surface salmon to saffron, flat, felty to velvety, radiate, with aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale salmon. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface sulphur yellow to straw with yellow ring near the centre, flat, membranous, aerial mycelium scant or absent, margin entire. Reverse sulphur yellow to saffron, with saffron pigments form ring near the centre. On SNA with sparse aerial mycelium, sporulation moderate on the surface of the medium. , Subrahmanyam 1983 , Leslie & Summerbell 2006 ), a feature apparently unique to this phylogenetic group. Fusarium clavum forms abundant lateral phialidic pegs on the aerial mycelia, a characteristic shared with F. duofalcatisporum, but not known for F. compactum, F. ipomoeae and F. lacertarum , Subrahmanyam 1983 , Leslie & Summerbell 2006 . However, the falcate aerial conidia of F. clavum (1-2(-3)-septate; 13 -30 × 3 -4 μm overall) are smaller than those of F. duofalcatisporum (1-3(-4)-septate; 13 -40 × 2 -5 μm overall). Isolates of F. clavum included in this study were obtained from environmental, plant and human samples collected in Africa, Asia, Europe and North America, indicative of a broad distribution.
Fusarium coffeatum L. Lombard & Crous, Fungal Syst. Evol. 5: 191. 2019 -Fig. 7 Synonym. Fusarium chlamydosporum var. Notes -Fusarium coffeatum was elevated to species level and linked to phylo-species FIESC 28 based on phylogenetic inference by Lombard et al. (2019) . Gerlach (1977) and initially treated this species as a variety of F. chlamydosporum based on morphological similarities, but distinguished them based on colony pigmentation. The ex-type strain (CBS 635.76) of F. coffeatum clustered within a fully supported subclade (ML & MP-BS = 100 %; PP = 1.0) in the Incarnatum clade. Unfortunately, the ex-type strain has become degenerate over time (Fig. 11) and no longer produces the beige to coffee-brown pigments in culture, and no sporodochia were observed on CLA. Descriptions & Illustrations - Wollenweber (1916 Wollenweber ( -1935 , , Leslie & Summerell (2006) . Conidiophores borne on aerial mycelium, 30 -60 μm tall, unbranched, sympodial or irregularly branched, bearing terminal or lateral phialides, mostly reduced to single lateral phialides borne on aerial mycelium; aerial phialides monophialidic, rarely polyphialidic, subulate to subcylindrical, proliferating percurrently, smooth-and thin-walled, 6-24 × 2-4 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, smooth-and thinwalled, of two types: (a) ellipsoidal to fusiform, 0 -1-septate; 0-septate conidia: (7-)8 -12(-14) × 2 -3 μm (av. 10 × 3 μm); 1-septate conidia: (10 -)12 -16(-17) × 3 -4 μm (av. 14 × 3 μm); (b) falcate, gently dorsiventrally curved with a blunt apical cell and barely notched basal cell, 1-3-septate; 1-septate conidia: (11-)14 -20(-24) × 3 -4 μm (av. 17 × 3 μm); 2-septate conidia: (16-)17-21(-22) × 3-4 μm (av. 19 × 3 μm); 3-septate conidia: (18 -)22 -28(-30) × 3 -4 μm (av. 25 × 3 μm). Sporodochia orange, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 8 -13 × 3 -4 μm, smooth, thin-walled, with inconspicuous periclinal thickening; sporodochial conidia falcate, curved dorsiventrally, tapering towards both ends, with a conical and curved apical cell and a blunt to foot-like basal cell, (1-)3 -5-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 15 -21(-24) × 3 -4 μm (av. 18 × 4 μm; n = 9); 2-septate conidia: 16 -22 × 3 μm (av. 19 × 3 μm; n = 4); 3-septate conidia: (23 -)27-33(-37) × 4 -5 μm (av. 30 × 4 μm); 4-septate conidia: (28 -)30 -36(-42) × 4 -5 μm (av. 33 × 5 μm); 5-septate conidia: (29-)34-38(-41) × 4-5 μm (av. 36 × 5 μm). Chlamydospores not observed.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 7-9 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface white to pale salmon, felty to velvety, radiate, with moderate aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale salmon. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface white to pale salmon, felty to velvety, radiate, with sparse aerial mycelium, margin irregular, filiform. Reverse pale salmon to salmon, without diffusible pigments. On SNA with abundant sporulation on the surface of the medium. Conidiophores borne on aerial mycelium rarely seen, 9 -16 μm tall, unbranched, reduced to lateral phialidic pegs or single lateral monophialides, subulate to subcylindrical, smooth-and thin-walled, with inconspicuous periclinal thickening; aerial conidia hyaline, smooth-and thin-walled, falcate, gently dorsiventrally curved with a blunt apical cell and barely notched basal cell, 1-3(-4)-septate; 1-septate conidia: (13 -)16 -20(-24) × 2 -4 μm (av. 18 × 3 μm); 2-septate conidia: (16 -)19 -25(-26) × 3-4 μm (av. 22 × 3 μm); 3-septate conidia: (21-)24-32(-36) × 3 -5 μm (av. 28 × 4 μm); 4-septate conidia: 36 -40 × 4-5 μm (n = 3). Sporodochia salmon to saffron, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 7-19 × 2 -4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, sometimes becoming sinuate, slender, curved dorsiventrally, tapering towards both ends, with an elongated or whip-like curved apical cell and a barely notched to prominently extended basal cell, (3-)5-6(-7)-septate, hyaline, thin-and smooth-walled; 3-septate conidia: 36 -51(-60) × 3 -4 μm (av. 43 × 4 μm, n = 16); 4-septate conidia: (42 -)43 -59(-68) × 3 -5 μm (av. 51 × 4 μm, n = 13); 5-septate conidia: (48-)62-76(-80) × 3-5 μm (av. 69 × 4 μm); 6-septate conidia: (43 -)61-75(-79) × 4 -5 μm (av. 68 × 4 μm); 7-septate conidia: (65-)68-76(-79) × 4-5 μm (av. 72 × 4 μm, n = 15). Chlamydospores rarely formed, globose, subglobose to oval, subhyaline, smooth-walled, terminal or intercalary, solitary, in pairs or forming chains, 5 -9 μm diam.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 4-7 mm/d and reaching 75-82 mm diam in 7 d; surface peach with salmon margins, flat, felty to velvety, radiate, with aerial mycelium, margin entire. Odour mouldy. Reverse pale peach to peach. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface sulphur yellow to straw, flat, membranous to dusty, aerial mycelium scant or absent, margin irregular, filiform. Reverse sulphur yellow to straw, without diffusible pigments. On SNA with sparse aerial mycelium, sporulation abundant on the surface of the medium. than those of F. clavum ((3 -)5 -6(-7)-septate; 36 -80 × 3-5 μm overall), F. compactum ((3 -) 5(-7)-septate; 16 -55 × 3.5-6.5 μm overall; and F. ipomoeae (3 -5-septate; 26.5 -57 × 2.5 -5 μm overall; . This species appears to be restricted to North-and South eastern Africa Descriptions & Illustrations - Wollenweber & Reinking (1935) , Booth (1971) , , Holubová-Jechová et al. (1994) , Leslie & Summerell (2006 Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia salmon to saffron, formed abundantly on carnation leaves or the surface of the medium. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 7-16 × 2-4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with a slightly elongated and conical or short whip-like curved apical cell and a blunt to barely notched to foot-like basal cell, (2 -)3 -5(-6)-septate, hyaline, thin-and smooth-walled; 2-septate conidia: 34 -42 × 3 -4 μm (n = 2); 3-septate conidia: (30-)34-42(-45) × 3-5 μm (av. 38 × 4 μm); 4-septate conidia: (37-)39-45(-48) × 3-5 μm (av. 42 × 4 μm); 5-septate conidia:
(38-)42-48(-51) × 4-5 μm (av. 45 × 4 μm); 6-septate conidia: 45 -57 × 4-5 μm (n = 3). Chlamydospores not observed.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 6 -9 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface pale orange to orange, flat, felty, radiate, aerial mycelium scant or absent, margin irregular, lobate, serrate or filiform. Odour mouldy. Reverse pale straw to pale orange. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale saffron, flat, membranous, aerial mycelium scant or absent, margin irregular, lobate, serrate or filiform. Reverse sulphur yellow to straw, without diffusible pigments. On SNA with sparse aerial mycelium, and sporodochia forming on the surface of the medium. ). The sporodochial conidia (i.e., macroconidia) of F. fasciculatum ((2-)3-5(-6)-septate; 30-57 × 3 -5 μm overall) are larger than those of F. citri (3 -5-septate; 25.5 -40.5 × 3 -5 μm overall; Wang et al. 2019) and F. humuli (3 -5-septate; 21-35 × 3 -5 μm overall; Wang et al. 2019 ). All three isolates representing F. fasciculatum were obtained from a native Australian wild rice species. However, it is not certain whether these are pathogens or endophytes of their respective hosts. Etymology. Name refers to the whip-like apical cells of the sporodochial conidia.
Typus. CroAtiA, Zagreb, from Pinus nigra seedling, date and collector unknown (holotype CBS H-24058 designated here, culture ex-type CBS 162.57 = NRRL 36269).
Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia salmon to saffron, formed abundantly on carnation leaves and on the surface of the medium. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 7-14 × 3 -4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with elongated or whip-like, curved apical cell and a barely notched to prominently extended basal cell, (3 -)4 -5(-6)-septate, hyaline, thin-and smooth-walled; 3-septate conidia: (37-)41-51(-54) × 4 -5 μm (av. 46 × 4 μm, n = 16); 4-septate conidia: (45-)49-61(-69) × 3-5 μm (av. 55 × 4 μm); 5-septate conidia: (49-)59-75(-85) × 4-5 μm (av. 67 × 4 μm); 6-septate conidia: 59 -84 × 4 -5 μm (av. 74 × 4 μm, n = 4). Chlamydospores rarely formed, globose, subglobose to oval, subhyaline, smooth-walled, terminal or intercalary, solitary or in pairs or forming chains, 5 -11 μm diam.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 3.5 -6 mm/d and reaching 65-70 mm diam in 7d; surface pale luteous to orange red, flat, felty to velvety, radiate, with moderate aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale luteous to pale orange-red. Diffusible pigments absent. On OA in the dark reaching 60 -70 mm diam in 7 d; surface straw to pale luteous, flat, membranous to dusty, aerial mycelium scant or absent, margin irregular, filiform. Reverse straw to pale luteous, without diffusible pigments. On SNA with sparse aerial mycelium, membranous. Etymology. Name refers to the slender foot-shaped basal cells of the sporodochial conidia.
Notes -
Typus. USA, Nebraska, from a horse, date and collector unknown (holotype CBS H-24059 designated here, culture ex-type NRRL 43635).
Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia salmon to saffron, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 8 -15 × 3 -4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with elongated or whip-like, somewhat spatulate and curved apical cells and a barely notched to elongated, slender foot-shaped basal cell, (3-)5(-6)-septate, hyaline, thin-and smooth-walled; 3-septate conidia: (40 -)44 -58(-63) × 4 -5 μm (av. 51 × 4 μm, n = 13); 4-septate conidia: (48 -)51-59(-61) × 4 -5 μm (av. 55 × 4 μm, n = 23); 5-septate conidia: (55-)58-70(-84) × 4-5 μm (av. 64 × 4 μm); 6-septate conidia: 58 -66 × 4 -5 μm (av. 63 × 5 μm, n = 3). Chlamydospores rare, globose, subglobose to oval, subhyaline, smooth-walled, terminal or intercalary, solitary, in pairs or forming chains, 4 -11 μm diam.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 6 -8.5 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface pale salmon, flat, radiate, aerial mycelium sparse, margin irregular, filiform. Odour mouldy. Reverse pale salmon. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale straw, flat, membranous, aerial mycelium scant or absent, margin irregular, filiform. Reverse pale straw, without diffusible pigments. On SNA with sparse aerial mycelium, membranous. Conidiophores borne on the aerial mycelium, 45 -105 μm tall, unbranched, sympodial or irregularly branched, bearing terminal or lateral phialides, often reduced to single phialides; phialides mono-and polyphialidic, subulate to subcylindrical, sometimes proliferating percurrently, smooth-and thin-walled, 5-28 × 2-4 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, smooth-and thin-walled, of two types: (a) ellipsoidal to fusiform, (0 -)3-septate; 0-septate conidia: 12 -21 × 4 μm (n = 2); 1-septate conidia: (14 -)15 -19(-23) × 3 -4 μm (av. 17 × 4 μm, n = 14); 2-septate conidia: 17-21(-22) × 3 -4 μm (av. 19 × 4 μm, n = 6); 3-septate conidia: (19 -)24 -34(-38) × 3-5 μm (av. 29 × 4 μm); (b) falcate, curved dorsiventrally, tapering towards both ends, with blunt apical cell and blunt to barely notched basal cell, (1-)3 -5(-7)-septate; 1-septate conidia:
18 -25 × 3 -4 μm (n = 2); 2-septate conidia: 21-24 × 4 μm (n = 2); 3-septate conidia: (20 -)27-39(-45) × 4 -5 μm (av. 33 × 4 μm); 4-septate conidia: (33-)34-42(-52) × 4-6 μm (av. 38 × 5 μm); 5-septate conidia: (36-)40-48(-51) × 4-5 μm (av. 44 × 5 μm); 6-septate conidia: (40 -)42 -58(-66) × 5 -6 μm (av. 50 × 5 μm, n = 9); 7-septate conidia: 50 -58 × 5 μm (n = 3). Sporodochia saffron to pale brown, formed less abundantly on the surface of the medium. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 8 -17 × 3 -5 μm, smooth, thin-walled, with inconspicuous periclinal thickening; sporodochial conidia falcate, curved dorsiventrally, tapering towards both ends, with slightly papillate, curved apical cell and a notched to foot-like basal cell, (1-)3 -5(-6)-septate, hyaline, smooth-and thin-walled; 1-septate conidia: 15 -18 × 3 -4 μm (n = 3); 2-septate conidia: 16-21 × 3-4 μm (n = 2); 3-septate conidia: (23-)28-36(-42) × 4-5 μm (av. 32 × 4 μm); 4-septate conidia: (31-)34-40(-48) × 4-5 μm (av. 37 × 5 μm); 5-septate conidia: (34-)36-42(-45) × 4 -5 μm (av. 39 × 5 μm); 6-septate conidium: 48 × 5 μm (n = 1). Chlamydospores abundant, globose, subglobose to oval, subhyaline, smooth-walled, terminal or intercalary, solitary, in pairs or forming chains, 5 -11 μm diam.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 8 -12 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface white to primrose, floccose, radiate, with abundant aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale yellow. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale primrose, floccose in the centre, radiate, with less abundant aerial mycelium, margin irregular, filiform. Reverse pale yellow, without diffusible pigments. On SNA with abundant aerial mycelium and sporulation on the aerial mycelium.
Additional materials examined. iNDiA, from Oryza sativa, date and collector unknown, NRRL 13379 = FRC R-5198 = BBA 62200. -irAN, Golestan, Kalaleh, from Triticum sp., date unknown, M. Davari, CBS 132907. -USA, Texas, from human, date and collector unknown, NRRL 32866 = FRC R-8822, NRRL 32867 = FRC R-8837.
Notes -Considerable controversy surrounds the application of the epithet 'incarnatum' within the Incarnatum clade (Booth & Sutton 1984 , Nirenberg 1990 , Khoa et al. 2004 , Santos et al. 2019 . Through their respective taxonomic histories, the names F. incarnatum, F. pallidoroseum and F. semitectum (and their respective varieties) have been linked to each other as either synonyms or as distinct species (Wollenweber & Reinking 1935 , Gordon 1952 , 1956 , Booth 1971 , Joffe 1974 , Booth & Sutton 1984 , Gams & Nirenberg 1989 , Nirenberg 1990 . Booth & Sutton (1984) studied the holotypes of F. semitectum and Fusisporium pallidoroseum (≡ F. pallidoroseum) and found that the holotype of F. semitectum only contained structures representing Colletotrichum musae, and therefore regarded the name F. semitectum as misapplied. They proposed a revised nomenclature that synonymised F. semitectum var. majus under F. pallidoroseum. Gams & Nirenberg (1989) accepted this revised nomenclature and recognised F. pallidoroseum var. majus. However, Nirenberg (1990) compared both the holotypes of Fusisporium incarnatum and Fusisporium pallidoroseum and found that they were conspecific, unifying both species and their varieties under F. incarnatum as the older epithet. As there is no living ex-type material available to serve as phylogenetic anchor for the Incarnatum clade, and therefore preventing the application of names to the various phylo-species recognised in this clade, we designate an epitype for F. incarnatum. Although the ex-epitype isolate CBS 132.73 does not conform to the type locality and host substrate of the holotype, considered this isolate as a good representative culture of F. semitectum var. majus (= F. incarnatum). Additional material examined. thAilAND, Bangkok, Mahidol University, from human toenail, date and collector unknown, CBS 132190.
Notes -Fusarium irregulare represents phylo-species FIESC 15 , a well-supported clade (ML-BS = 99, MP-BS = 98 %, PP = 1.0), closely related to F. luffae, F. pernambucanum, F. sulawesiensis and FIESC 32 (sensu Maryani et al. 2019 ). Similar to F. luffae, F. irregulare does not produce any sporodochia in culture , whereas both F. pernambucanum (Santos et al. 2019) and F. sulawesiensis ) produce abundant sporodochia in culture. Additionally, F. pernambucanum produces a variety (in shape) of non-falcate aerial conidia, not known for F. irregulare, F. luffae and F. sulawesiensis , Santos et al. 2019 . The falcate aerial conidia of F. irregulare Notes -Fusarium kotabaruense represents a single strain lineage, designated as phylo-species FIESC 31 by and closely related to F. camptoceras and F. neosemitectum in the newly introduced FCAMSC. The falcate aerial conidia of F. kotabaruense ((2-)3-5(-7)-septate; 21-45 × 5 -7.5 μm overall; Maryani et al. 2019 ) are smaller than those of F. camptoceras (3 -5(-7)-septate; 15 -58 × 4 -7 μm overall; , Marasas et al. 1998 , Leslie & Summerell 2006 but larger than those of F. neosemitectum ((1-)2 -4(-5)-septate; 17-39 × 3 -6 μm overall). . clavum, F. compactum, F. duofalcatisporum and F. ipomoeae . Based on the description and illustrations by Subrahmanyam (1983) , F. lacertarum produces 2 -4-septate, falcate aerial conidia on conidiophores borne on the aerial mycelium and no mention is made of sporodochia. The ex-type strain accessioned at CBS (CBS 130185) appears to have degenerated as no sporulation or formation of sporodochia could be induced in this study. Therefore, no morphological comparison could be made with its closest phylogenetic neighbours. Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia salmon to saffron, formed abundantly on carnation leaves or the surface of the medium. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 7-15 × 3-4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with an elongate or whip-like curved apical cell and a foot-like to notched basal cell, (3 -)5 -6(-7)-septate, hyaline, thin-and smooth-walled; 3-septate conidia: 45 × 4 μm (n = 1); 4-septate conidia: 48 -54 × 4 -5 μm (n = 3); 5-septate conidia: Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 7-11 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface primrose to olivaceous buff, radiate, aerial mycelium abundant at the centre, margin irregular, filiform. Odour mouldy. Reverse buff to honey. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface white, flat, membranous, aerial mycelium scant or absent, margin irregular, filiform. Reverse white, without diffusible pigments. On SNA with sparse aerial mycelium sparse.
Fusarium longicaudatum
Notes -Fusarium longicaudatum represents a newly resolved single strain lineage in the Equiseti clade. This species is closely related to F. arcuatisporum ) which also does not produce any conidiophores and aerial conidia in culture. Wang et al. (2019) only reported 5-septate sporodochial conidia (29 -49.5 × 4 -5 μm) for F. arcuatisporum, whereas F. longicaudatum produces (3-)5-6(-7)-septate sporodochial conidia (45-81 × 4-5 μm overall), which are much longer than those of F. arcuatisporum. Fusarium longifundum J.W. Xia, L. Lombard, Sand.-Den., X.G. Zhang & Crous, sp. nov. -MycoBank MB831840; Fig. 15 Etymology. Name refers to the prominently long basal cells of the sporodochial conidia.
Typus. NetherlANDs ANtilles, Curaçao, from air, date and collector un known (holotype CBS H-24062 designated here, culture ex-type CBS 235.79 = NRRL 36372).
Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia salmon to saffron, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 7-15 × 2 -4 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with an elongate or whip-like curved apical cell and a barely notched to prominently extended basal cell, (3-)5(-6)-septate, hyaline, thin-and smooth-walled; 3-septate conidia: (21-)29-41(-46) × 3 -5 μm (av. 35 × 4 μm); 4-septate conidia: (34-)39-55(-62) × 3 -5 μm (av. 47 × 4 μm); 5-septate conidia: (38 -)55 -71(-76) × 4 -5 μm (av. 63 × 4 μm); 6-septate conidia: 62 -72 × 4 -5 μm (av. 67 × 5 μm, n = 5). Chlamydospores rare, globose, subglobose to oval, subhyaline, smooth-walled, terminal or intercalary, solitary or in pairs forming chains, 4 -9 μm diam.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 5 -8 mm/d and reaching 76 -80 mm diam in 7 d; surface saffron to pale orange, flat, felty to velvety, radiate, with aerial mycelium, margin entire. Odour mouldy. Reverse straw to pale luteous. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface straw to pale luteous, flat, membranous to dusty, aerial mycelium scant or absent, margin entire. Reverse sulphur yellow to straw, without diffusible pigments. On SNA, hyphae hyaline, smooth-walled, aerial mycelium sparse. Notes -Fusarium luffae represents phylo-species FIESC 18, a fully supported subclade (ML & MP-BS = 100 %; PP = 1.0) in the Incarnatum clade, closely related to F. irregulare, F. pernambucanum, F. sulawesiensis and FIESC 32 (sensu Maryani et al. 2019) . For morphological comparisons, see notes under F. irregulare . This species includes strains isolated from both plants and humans in Asia and North America.
Fusarium monophialidicum J.W. Xia, L. Lombard, Sand.-Den., X.G. Zhang & Crous, sp. nov. -MycoBank MB831841; Fig. 16 Etymology. Name refers to the monophialides produced on its aerial mycelium.
Typus. USA, Ohio, Rhinoceros eye, collector and date unknown (holotype CBS H-24063 designated here, culture ex-type NRRL 54973 = UTHSC 06-1473).
Conidiophores borne on the aerial mycelium 25 -70 μm tall, unbranched, sympodial or irregularly branched, bearing terminal or lateral phialides, often reduced to single phialides; phialides monophialidic, subulate to subcylindrical, smooth-and thin-walled, 10 -25 × 3 -5 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, rarely ellipsoidal to falcate, curved dorsiventrally, tapering towards both ends, with a blunt to conical and slightly curved apical cell and blunt to barely notched basal cell, smooth-and thin-walled, Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 5 -9 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface buff to olivaceous buff, floccose, radiate, with abundant aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale luteous to luteous. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface white to pale luteous, floccose, radiate, with abundant aerial mycelium, margin irregular, filiform. Reverse pale luteous, without diffusible pigments. On SNA with abundant aerial mycelium and sporulation on the aerial mycelium.
Notes -Fusarium monophialidicum formed a new single strain lineage in the Incarnatum clade, closely related to F. bubalinum, F. incarnatum and F. tanahbumbuense. This species can be distinguished from the latter three species by the lack of polyphialides on the aerial mycelia and its inability to form sporodochia in culture. For more morphological differences, see notes under F. bubalinum and F. incarnatum.
Zhang & Crous, sp. nov. -MycoBank MB831842; Fig. 17 Etymology. Name refers to the mouldy odour this species produces in culture.
Typus. el sAlvADor, Cooperación Coralama, from Anacardium occidentale mouldy nut, July 1999, M. Reuter (holotype CBS H-24064 designated here, culture ex-type CBS 102395).
Conidiophores borne on aerial mycelium, 40 -110 μm tall, unbranched to sympodial or irregularly branched, bearing terminal or lateral mono-and polyphialides, often reduced to single phialides; aerial phialides mono-and polyphialidic, subulate to subcylindrical, sometimes proliferating percurrently, smooth-and thin-walled, 3 -37 × 2 -4 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, falcate, slender, curved dorsiventrally, tapering towards both ends, with a blunt and curved apical cell and a blunt basal cell, 3 -5(-7)-septate; 3-septate conidia: (24 -)29 -33(-39) × 4-5 μm (av. 31 × 5 um); 4-septate conidia: (30 -)33 -39(-44) × 4 -5 μm (av. 36 × 5 um); 5-septate conidia: (33 -)37-47(-55) × 4-6 μm (av. 42 × 5 um); 6-septate conidia: 44 -54 × 5 -6 μm (av. 51 × 5 μm; n = 9); 7-septate conidia: 51 × 4 μm (n = 1). Sporodochia and chlamydospores not observed.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 6 -10 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface salmon, flat, felty to velvety, radiate, with abundant aerial mycelium, margin irregular, filiform. Reverse straw. Odour mouldy. Diffusible pigments absent in the dark. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale salmon, flat, radiate, aerial mycelium sparse, margin irregular, filiform. Reverse pale straw. On SNA with abundant aerial mycelium, sporulating profusely on the aerial mycelium. Conidiophores borne on aerial mycelium, 20 -55 μm tall, unbranched, sympodial or irregularly branched, bearing terminal or lateral phialides, often reduced to single phialides; phialides mono-and polyphialidic, subulate to subcylindrical, proliferating percurrently, smooth-and thin-walled, 7-34 × 2 -5 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, falcate, curved dorsiventrally, with a blunt to slightly papillate apical cell and a notched to foot-like basal cell, smooth-and thin-walled, (1-)3 -4(-5)-septate; 1-septate conidia: (16 -)19 -25(-26) × 3 -4 μm (av. 22 × 3 μm; n = 8); 2-septate conidia: (19-)21-31 × 3-4 μm (av. 26 × 4 μm, n = 6); 3-septate conidia: (26-)31-37(-40) × 3-4 μm (av. 34 × 4 μm); 4-septate conidia: (33-)35-41(-44) × 3-4 μm (av. 38 × 4 μm); 5-septate conidia: (36 -)37-41(-42) × 4 μm (av. 39 × 4 μm; n = 12). Sporodochia salmon to orange, formed abundantly on carnation leaves or the surface of the medium. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, proliferating percurrently, 8-14 × 2-3 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, slender, curved dorsiventrally, tapering towards both ends, with a slightly elongated conical or whip-like curved apical cell and a foot-like to notched basal cell, F. luffae, F. pernambucanum and F. sulawesiensis (FIESC 15-18; O'Donnell et al. 2009 , Santos et al. 2019 ). This species can be distinguished from F. irregulare based on the polyphialides formed by F. multiceps, but not observed for F. irregulare, and the 3-septate falcate aerial conidia (i.e., macroconidia) of F. irregulare compared to the (1-)3 -4(-5)-septate falcate aerial conidia of F. multiceps. Fusarium pernambucanum produces various shapes of aerial conidia (Santos et al. 2019 ) whereas only falcate aerial conidia were produced by F. multiceps. Fusarium sulawesiensis produces up to 9-septate falcate aerial conidia , not seen for F. multiceps. Conidiophores borne on aerial mycelium, 25 -50 μm tall, unbranched, rarely irregularly branched, bearing terminal or lateral phialides, often reduced to single phialides; phialides monophialidic, subulate to subcylindrical, sometimes proliferating percurrently, smooth-and thin-walled, 9 -22 × 2 -4 μm, with inconspicuous periclinal thickening; aerial conidia hyaline, smooth-and thin-walled, of two types: (a) ampulliform to ellipsoidal to reniform, 0-2(-3)-septate; 0-septate conidia: (9-)11-15(-22) × 3 -4 μm (av. 13 × 3 μm, n = 17); 1-septate conidia: (11-)15 -21(-24) × 3 -4 μm (av. 18 × 4 μm); 2-septate conidia: 19 -23(-28) × 3 -5 μm (av. 21 × 4 μm, n = 14); 3-septate conidia: 20 -24 × 4 -5 μm (n = 3); (b) falcate, curved dorsiventrally, tapering towards both ends, with acute apical cell and notched to foot-like basal cell, 3 -4-septate; 3-septate conidia: (21-)23-29 × 4-5 μm (av. 26 × 4 μm, n = 8); 4-septate conidia: (31-)32 -36(-38) × 4 μm (av. 36 × 4 μm, n = 7). Sporodochia saffron to pale orange, formed abundantly on the carnation leaves and surface of the medium. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -4 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 10 -19 × 3 -4 μm, smooth, thin-walled, with inconspicuous periclinal thickening; sporodochial conidia falcate, curved dorsiventrally, tapering towards both ends, with elongated and whip-like, curved apical cell and a notched to foot-like basal cell, (1-)3-5-septate, hyaline, smooth-and thinwalled; 1-septate conidia: (16 -)19 -25(-27) × 3 -4 μm (av. 22 × 3 μm, n = 12); 2-septate conidia: 19 -31(-36) × 3 -5 μm (av. 25 × 4 μm, n = 7); 3-septate conidia: (28 -)32 -42(-46) × 4-5 μm (av. 37 × 4 μm); 4-septate conidia: (41-)44-50(-53) × 3-5 μm (av. 47 × 5 μm); 5-septate conidia: (47-)50-58(-64) × 4-6 μm (av. 54 × 5 μm). Chlamydospores not observed.
Fusarium nanum
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 8 -12 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface white to buff, floccose, radiate, with abundant aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale yellow. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface white to pale primrose, floccose in the centre, radiate, with less abundant aerial mycelium, margin irregular, filiform. Reverse pale yellow, without diffusible pigments. On SNA with sparse aerial mycelium and abundant sporulation on medium surface. by the formation of conidiophores and conidia on its aerial mycelia. Additionally, the sporodochial conidia of F. neoscirpi are (1-)3 -5-septate, compared to the 5-septate of F. arcuatisporum ), 1-5-septate of F. brevicaudatum, (3-)5-6(-7)-septate of F. longicaudatum and (3-)5-7(-8)-septate of F. serpentinum. This species can also be distinguished from F. scirpi by its less septate sporodochial conidia compared to the 6-7-septate of F. scirpi (Leslie & Summerell 2006) and the fact that F. neoscirpi produces falcate aerial conidia, not known for F. scirpi (Leslie & Summerell 2006 Conidiophores borne on aerial mycelium, 60 -110 μm tall, unbranched or irregularly to rarely verticillately branched, bearing a single terminal or whorl of 2 -3 phialides; aerial phialides mono-and polyphialidic, subulate to subcylindrical, smooth-and thin-walled, 10-30 × 2-4 μm, periclinal thickening inconspicuous or absent, often reduced to single phialidic pegs, 1.5 -5 μm tall. Aerial conidia hyaline, ellipsoidal to falcate, curved dorsiventrally, with a blunt, conical to slightly papillate apical cell and a blunt to barely notched basal cell, smooth-and thin-walled, (1-)2-4(-5)-septate; 1-septate conidia: (17-)18-22(-24) × 3 -5 μm (av. 20 × 4 μm; n = 13); 2-septate conidia: (14-)22-30(-36) × 4-6 μm (av. 26 × 5 μm); 3-septate conidia: (21-)25-33(-36) × 4-6 μm (av. 29 × 5 μm); 4-septate conidia: 30 -38(-41) × 4 -6 μm (av. 34 × 5 μm); 5-septate conidia: 35 -39 × 5 -6 μm (av. 37 × 5 μm; n = 3). Sporodochia and chlamydospores not observed.
Notes -
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 4 -7 mm/d and reaching 75 -82 mm diam in 7 d; surface white, flat, felty to velvety, radiate, with abundant aerial mycelium, margin entire. Odour mouldy. Reverse without colour. Diffusible pig- Notes -Fusarium neosemitectum formed a fully supported clade (ML & MP-BS = 100 %; PP = 1.0) in the FCAMSC. It can be distinguished from its closest phylogenetic neighbours (F. kotabaruense and F. camptoceras) by the presence of short phialidic pegs on the aerial mycelium, not observed for the latter two species. Furthermore, F. neosemitectum only produces up to 5-septate falcate aerial conidia, whereas up to 7-septate falcate aerial conidia have been reported for both F. kotabaruense and F. camptoceras , Marasas et al. 1998 ). All three species in FCAMSC appear to be tropical species due to their origins and they also share a mutual host genus, Musa (Marasas et al. 1998 ). However, their relevance as pathogens to this host (and other plants) still remains to be determined. Etymology. Name refers to the peach-coloured colonies formed on OA and PDA by this fungus. Conidiophores borne on aerial mycelium, 20 -205 µm tall, unbranched, sympodial or irregularly branched, bearing terminal or lateral phialides, often reduced to single phialides; phialides mono-and polyphialidic, subulate to subcylindrical, proliferating percurrently, smooth-and thin-walled, 13-19 × 3-5 μm, with inconspicuous periclinal thickening; aerial conidia falcate, slender, straight to slightly curved dorsiventrally, tapering towards both ends, with a conical to slightly papillate apical cell and a blunt to barely notched basal cell, 3 -5-septate; 3-septate conidia: (26-)31-41(-44) × 4-6 μm (av. 36 × 5 μm); 4-septate conidia: (37-)39-45(-49) × 4-6 μm (av. 42 × 5 μm); 5-septate conidia: (39 -)43 -49(-54) × 5-6 μm (av. 46 × 5 μm). Sporodochia and chlamydospores not observed.
Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 2-4 mm/d and reaching 40-55 mm diam in 7 d; surface salmon to peach, flat, felty to velvety, radiate, with aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse salmon. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale salmon to peach, flat, radiate, aerial mycelium sparse, margin irregular, filiform. Reverse straw. On Etymology. Name refers to the elongated serpentine-like apical cells of the sporodochial conidia produced by this fungus. Conidiophores and aerial conidia borne on aerial mycelium not observed. Sporodochia saffron to brick, formed abundantly on carnation leaves. Sporodochial conidiophores densely and irregularly branched, bearing apical whorls of 2 -3 phialides; sporodochial phialides monophialidic, subulate to subcylindrical, 12 -24 × 4 -5 μm, smooth, thin-walled, with a short-flared apical collarette. Sporodochial conidia falcate, sometimes sinuate, slender, strongly curved or curved dorsiventrally, tapering towards both ends, with an elongate or whip-like curved apical cell and a notched, often prominent and extended basal cell, (3 -)5 -7(-8)-septate, hyaline, thin-and smooth-walled, microcyclic conidiogenesis commonly observed; 3-septate conidia: (42 -)43 -51(-54) × 4 -6 μm (av. 47 × 5 μm, n = 6); 4-septate conidia: 54 -75 × 4 -6 μm (av. 57 × 5 μm, n = 4); 5-septate conidia: (57-)67-85(-92) × 4-6 μm (av. 76 × 5 μm); 6-septate Culture characteristics -Colonies on PDA incubated at 24 °C in the dark with an average radial growth rate of 7-10 mm/d and occupying an entire 90 mm Petri dish in 7 d; surface salmon, floccose, radiate, with abundant aerial mycelium, margin irregular, filiform. Odour mouldy. Reverse pale straw. Diffusible pigments absent. On OA in the dark occupying an entire 90 mm Petri dish in 7 d; surface pale primrose, membranous to dust, aerial mycelium sparse, margin irregular, filiform. Reverse pale primrose, without diffusible pigments. On SNA with sparse aerial mycelium.
Notes -Fusarium serpentinum represents a new single strain lineage resolved in the Equiseti clade. This species can be distinguished from other species in the complex based on the extraordinary long sporodochial conidia due to the elongated apical cells and microcyclic conidiogenesis that was commonly observed in culture. 
